Inconsistencies in human islet yields after collagenase digestion have been attributed to the activation of endogenous enzymes of the donor pancreas. It has been suggested that pancreatic serine proteases contribute to the proteolysis of collagenase. This study defined the effects of endogenous enzymes within the pancreas on pancreas dissociation during collagenase digestion. Levels of collagenase activity from samples taken throughout several steps in islet isolation procedures, both with and without the addition of the serine protease inhibitor Pefabloc, were determined by a spectrophotometric assay using N-[3-(2-furyl)acryloyl]-Leu-Gly-Pro-Ala as the substrate. Results clearly demonstrated that the level of collagenase activity remains stable throughout the isolation procedure despite differences in the donor factors from several cadaveric donor pancreases. This was further demonstrated by observing no difference in activity levels after incubating commercial collagenase preparations with serine proteases and analyzing by means of collagenase activity and SDS-PAGE. These data show that the presence of serine proteases does not affect the level of collagenase activity; however, they likely damage the islet cells upon prolonged digestion of the pancreatic tissue. Further efforts at examining exogenous and endogenous enzyme levels may result in the development of an enzyme cocktail that is both stable and effective for digesting the human pancreas while preserving islet function and viability.
INTRODUCTION
is thought to be the result of the presence of crude impurities (e.g., neural proteases, trypsin, clostripain, etc.) in Despite recent advances in islet isolation technology the commercial collagenase preparations (18, 19) . and attempts to control collagenase production and com-Trypsin is suggested to exert the most damaging efposition, islet yields from the cadaveric donor pancrefect on the islets. It was shown that trypsin levels inases after enzymatic digestion remain inconsistent and crease during islet isolation as the pancreatic tissue is unreliable. Recently, such inconsistencies have been atdigested (20) . Furthermore, high trypsin activity levels tributed to the activation of endogenous enzymes of the during porcine islet isolation were correlated with dedonor pancreas (5, 11, 19) . It has been suggested that creased islet yields (5, 6) and smaller fragmented islets trypsin, and other pancreatic serine proteases, may con-
(1). Trypsin may also exert indirect effects on the pantribute to the proteolysis of collagenase and the destruccreas through the activation of other pancreatic protion of islet cells. enzymes such as chymotrypsinogen and proelastase Physiologically, serine proteases exist in an inactive (5, 19) . proenzyme form within the pancreas. Trypsin is secreted Serine protease inhibition has been achieved by the as trypsinogen and is activated in the small intestine use of Pefabloc (Roche Molecular Biochemicals, Mannupon contact with enterokinase, which is produced by heim, Germany). Results showed that the addition of the intestinal mucosa. The presence of trypsin conse-Pefabloc (0.4 mM) to the Liberase preparation resulted quently activates the proforms of other pancreatic enin a significant increase in islet yield, both pre-and postzymes. It remains uncertain how the pancreatic protease purification (11) . This lends further merit to the destrucactivation occurs during the islet isolation; however, it tive effects of trypsin and other serine proteases.
ROSE, PALCIC, AND LAKEY
The purpose of this study was to evaluate the effects week of obtaining samples because the enzyme activities decreased upon further storage. of the serine proteases trypsin, chymotrypsin, and elastase on collagenase activity during human islet isola-Collagenase Activity Assay tions. We wanted to determine whether the release of Collagenase activity was determined spectrophotoendogenous proteolytic enzymes results in a reduction metrically using the chromophoric substrate N-[3-(2of collagenase activity as the result of proteolysis. furyl)acryloyl]-Leu-Gly-Pro-Ala (Sigma Chemical Co., St. Louis, MO) by a modified method of that previously MATERIALS AND METHODS described by Bond and Van Wart (2) . Aliquots of each Collagenase Preparation sample were added to individual wells of a microtiter Two commercial collagenase blends were used in this plate and the reaction was started by addition of 200 µl study to evaluate the effect of serine proteases on collaof the substrate. The assays were carried out at 37°C in genase activity. Collagenase P and Liberase-HI were each 0.2 M Tris-HCl, pH 7.8, 20 mM CaCl 2 buffer, at a subobtained from Roche Biochemicals (Mannheim, Gerstrate concentration of 1 mM. The decrease in absorpmany). A stock solution of 2.5 U/mg solution of collation was measured at 340 nm using a microplate reader genase P was prepared in 0.2 M Tris-HCl, pH 7.8, 20
(Molecular Devices Thermomax, Sunnyvale, CA). One mM CaCl 2 buffer. Aliquots were stored at −70°C for up unit of collagenase activity was defined as the amount to 2 weeks prior to use.
of enzyme required to catalyze the formation of 1 µmol Vials of Liberase-HI enzyme from three sample lots of product per minute. (90351420, 90314620, and 90345520) were used in this study. Enzyme vials were stored as lyophilized powder
Incubation of Collagenase With Serine Proteases at −80°C. For preparation, they were removed from stor-Stock solutions of trypsin (5000 U/ml; Sigma), age, placed on ice, and resuspended in 50 ml of cold chymotrypsin (50 U/ml; Sigma), and elastase (50 U/ml; Hanks' balanced salt solution (HBSS) (4). The enzyme Sigma) were prepared in 0.2 M Tris-HCl, pH 7.8, 20 was allowed to rehydrate for a minimum of 30 min on mM CaCl 2 buffer according to the manufacturer's defiwet ice before being brought up to a volume of 350 nition of units of activity. The stock solutions of each ml in HBSS (Mediatech, Herndon, VI). Where noted, enzyme were further diluted at ratios of 1:1 and 1:4 with Pefabloc was added directly to the Liberase-HI enzyme Tris-HCl buffer. Each enzyme concentration was incusolution at a final concentration of 0.4 mM. Prior to use bated for 15 min at 37°C with collagenase P at a ratio in islet isolation, the solution was filtered through a of 1:1, whereas only the stock solution concentration of 0.22-µm cellulose acetate filter (Corning, Corning, NY).
the proteases was incubated with the Liberase-HI solution. After incubation, each article was assayed by the Islet Isolation and Sample Collection method of collagenase activity determination as described above and by sodium dodecyl sulfate-polyacryl-Human pancreases were obtained with informed conamide gel electrophoresis (SDS-PAGE). sent from relatives of brain-dead cadaveric donors. Donor-related variables of the pancreases used in this study SDS-PAGE were compared. Tissue procurement and experimental SDS-PAGE was carried out with 10% acrylamide protocols were approved by the Human Ethics Commitgels as described by Laemmli (10) . To prevent proteolytee of the University of Alberta. Pancreases were sis of the collagenase during denaturation, 10 mM EDTA removed after in situ vascular perfusion using cold Uniwas added to the denaturing buffer (3) and samples were versity of Wisconsin (UW) solution as part of a multiorheated at 85°C for 10 min. The gels were run at 50 gan procurement (9) . Pancreases were placed on ice and V constant and increased to 100 V constant when the immediately transported to the islet isolation laboratory bromophenol blue tracking dye entered the separating for processing. Islets were isolated using the Liberasegel. Gels were stained with Coomassie blue staining HI enzyme solution by previously described techniques dye and scanned. Gel analysis was performed using of collagenase digestion (13, 15) and Ficoll purification.
UN-SCAN-IT gel version 3.1. Samples were collected from five islet isolations (three with the addition of Pefabloc and two with no Pefabloc)
Statistical Analysis at preperfusion (before delivery into the pancreas), postperfusion (after delivery into pancreas), and at the time All results are expressed as means ± SEM. Statistical analysis was performed using the Prism software pack-of stopping the enzymatic digestion process (dilution). Samples were immediately frozen in liquid nitrogen age using two-tailed, unpaired t-tests between groups. Differences between the experimental group were con-(−196°C) and stored at −80°C until further analyzed for collagenase activity. Analysis was performed within 1 sidered significant when p < 0.05. 
RESULTS
tions of trypsin, chymotrypsin, and elastase. Overall, the results showed that there was no significance difference Five pancreases were processed using an identical in collagenase activity levels (p > 0.05). Preperfusion isolation protocol with the exception of the addition of samples of Liberase-HI retained 100% of collagenase Pefabloc to the three of the Liberase-HI enzyme preparaactivity after incubation with the proteases, despite the tions. Table 1 shows the cadaveric donor-related varipresence or absence of the serine protease inhibitor Pefables of the samples that were evaluated in this study. abloc (Fig. 1) . The mean age ± SEM was 41.0 ± 5.3 in the Pefabloc-Similar results were obtained in regards to collagensupplemented group compared with 39.0 ± 11.0 in the ase P that was incubated with varying concentrations of control group (p = NS). No significant differences were the proteases in the absence of Pefabloc (Fig. 2 ). Comobserved in body weight (72.3 ± 11.4 and 120.5 ± 2.0 mercial collagenase P preparations were also examined kg). Body height (173.0 ± 9.0 and 190.5 ± 0.5) and cold for tolerance of the presence of serine proteases. After ischemia time of the pancreas prior to processing (10.2 ± 0.2 and 5.5 ± 1.5) were found to be significantly different between the groups.
Samples were collected at the pre-and postperfusion and dilution stages of the isolation and analyzed for collagenase activity. No significant differences were observed in the collagenase levels between the control group (n = 2) and the Pefabloc-supplemented group (n = 3). There were also no significant differences observed in the collagenase activity levels between the pre-and postperfusion samples (p > 0.05) ( Table 2 ). The initial dilution stage of the isolation process resulted in the doubling of the sample volume. Therefore, as expected, the detected levels of collagenase activity are ϳ50% lower to account for the dilution effect. Taking the dilution factor into account, there is no significant difference in the levels of collagenase throughout the human isolation process. ase preparations were incubated with varying concentra- Values are mean ± SEM in U/ml; n = 3 for the Pefabloc group; n = 2 for the control group. *Values are corrected for the dilution factor (1:1). structive to both acinar and islet endocrine cells (16). During this phase of the isolation process, collagenase digests the acinar tissue that binds the islet cells to the pancreas, thus resulting in the release of intact islets. It has been suggested that the variation in islet yields may be related to a reduction in collagenase activity. Endogenous enzymes, such as trypsin, which show increased levels during the digestion phase, could potentially cause a reduction in collagenase activity by enzymatic degradation (20).
In this study, we examined the effect of serine proteases on the level of collagenase activity both in vitro and in vivo. Collagenase activity levels from two different commercial sources were determined after incubation with either chymotrypsin, elastase, or trypsin. We focused on gen) to prevent digestion of the pancreas itself. Once secreted into the small intestine, trypsinogen is activated by the presence of enterokinase, and the presence of trypsin is then able to activate the proforms of the other incubation with varying concentrations of trypsin, chyproteases. It remains uncertain how this activation ocmotrypsin, and elastase, the collagenase activity recurs in the human islet isolation; however, it could be mained the same. This indicates that collagenase is able the result of the procedure itself or the presence of crude to withstand concentrations of serine proteases that eximpurities in the commercial collagenase preparation ceed those normally found in human pancreas samples. (18, 19) . Regardless of the amount of protease added to The Liberase-HI samples, after incubation with the the samples, there were no signs of collagenase degradaserine proteases, were analyzed by SDS-PAGE to detertion as shown by activity assays and SDS-PAGE. mine if there was any breakdown compared with the It is important to note that although collagenase does original sample. The results show that there was no evinot appear to be susceptible to proteolysis by those endent deterioration of the collagenase preparations ( Fig. zymes selected in this study, it does not rule out the 3). The impure state of Liberase, which contains several effect of other proteases. For example, careful attention impurities (e.g., clostripain, thermolysin, and traces of had to be taken to limit the proteolytic degradation of proteolytic enzymes), results in the presence of several collagenase during the SDS-PAGE analysis. Trace quanbands. Furthermore, several bands are likely representatities of proteases present in samples upon heating detive of different collagenase enzymes. The Liberase-HI grade the collagenases, with all current observations citblends consist of both class I and class II collagenases.
ing clostripain as the damaging enzyme (3) . Clostripain Each class of collagenases consists of multiple forms of has been shown to be heat stable in the presence of calthe enzyme that vary in molecular weight from as low cium ions and it also is inhibited by EDTA (14) . Thereas 66,000 Da to as high as 147,000 Da (8, 17) . The domifore, to prevent proteolysis of collagenase samples by nant collagenase bands are shown in the upper regions clostripain, it is essential to add EDTA to the sample at ϳ125 and 131 kDa, and they show no signs of degrabuffer. dation upon incubation with serine protease. The two
In the present study, we also focused on the presence distinct bands shown in the 24,000 and 21,000 Da region of the serine protease inhibitor Pefabloc in the collagenin lanes 4 and 5 are representative of the added elastase ase preparation. Recent studies have shown that the adand trypsin, respectively, as seen on a control gel (gel dition of Pefabloc in the Liberase-HI enzyme solution not shown).
resulted in an increase in human islet yield (11) . In the-DISCUSSION ory, if serine proteases were damaging to collagenase, one would expect that the inhibition of the proteases by Despite current advances in human islet isolation procedures, the problems of variable and insufficient yields Pefabloc would result in higher levels of collagenase activity than the sample containing no Pefabloc. As shown of islet cells have yet to be determined. Current efforts focus on understanding the collagenase digestion of the in Figure 1 , we demonstrated that the addition of Pefabloc results in no significant difference in the level of connective tissue stroma as it has been shown to be de- collagenase activity when compared with the equivalent effect on the intact islets. Many other factors could account for varying success in human islet isolation, in-samples in the absence of Pefabloc. The success of Pefabloc in obtaining higher yields of islets is likely be-cluding donor characteristics (12), cold ischemia time (7) , and the batch of collagenase enzymes used to digest cause serine proteases have a damaging effect on the islets themselves, rather than a degradative effect on the the human pancreas (18) . Further work in our laboratory is focused on examining the levels of activated endoge-collagenase enzyme.
It is also important to show that the levels of colla-nous proteases during islet isolations and determining their effect on human islet yields. genase activity remain stable throughout the digestion process. Samples were taken at the preperfusion, post- 
